The Tau identification and reconstruction algorithms developed for the CMS experiment are described, from the first level of the trigger to the off-line reconstruction and selection.
Introduction
Analyses based on τ reconstruction are expected to be very helpful in the discovery of new physics at the LHC; in some part of the supersymmetric[?] (SUSY) parameter space, their use will be essential. As an example, Fig. ? ? shows the discovery region in the (m A ,tan β) plane for the MSSM heavy Higgs bosons decaying into a τ τ pair. While leptonic τ decays can be reconstructed with the same software used for electron and muon identification, the hadronic τ decays need a special treatment that merges jets to reconstructed tracks. The fully hadronic final state can increase the signal statistics in several searches (a couple of τ leptons decays into hadrons in the 42% of the cases) and for what regards the MSSM Higgs boson, detailed studies have demonstrated that the best mass resolution is achieved when both τ decay into hadrons [?] . This report will concentrates on the reconstruction and selection of hadronic τ decays (τ jets), based mainly on the τ jet collimation and the lepton life-time. The usage of these methods in different combinations depends on the physics channel considered, however the selection of τ jet is so fast and efficient that can be used already at trigger level. In the following sections the trigger and off-line selections are described.
Tau Trigger
The CMS trigger is divided in two main stages: the Level 1 trigger (hardware) and the High Level trigger (software). The 40 MHz collision rate and the huge p-p cross section impose severe constraints on the definition of trigger logics, which need to be fast and reliable. The desired final rate for a τ trigger (single or double tag) need to go down to a few Hz. The leptonic decays are included in the lepton (e, µ) triggers.
Level 1 Trigger
The Level 1 τ trigger exploits a generic jet trigger based only on the calorimetric information [?] . Candidate jets are built out of groups of 12x12 ECAL and HCAL towers whose central 4x4 transverse energy (E T ) is larger than the E T of all its 4x4 neighbours. A loose isolation criteria is applied requiring active tower patterns to be made of neighbour towers as shown in Fig.? ?.
The desired rate at the Level 1 is reached with a further cut on the calorimetric energy requiring a transverse energy greater than 93 GeV for one jet and 66 GeV for two jets [?] . The two leading jets represent the Level 1 Tau stream. The reconstructed jets that don't pass the isolation criteria are labeled as central jets. To evaluate the trigger performances, a benchmark channel has been chosen:A/H → τ τ → 2 τ jets; two Higgs boson mass values have been considered: 200 and 500 GeV/c 2 . The trigger rate is saturated by QCD di-jets events, at Level 1 the rate is 3 kHz running at low luminosity and 8 kHz at high luminosity. In the following the report will concentrate on the triggering and tagging of events with two τ jets, in which both jets must be selected. For events with only one τ lepton, a slightly different selection is applied, briefely described later in the report.
High Level Trigger
In the HLT step the two Tau candidates are reconstructed with a better granularity and ordered in energy. The two candidates are defined as jets chosen among the two leading jets in the Tau stream and the leading jet reconstructed in the central stream, the choice is made accordingly to the jets energy and is described elsewhere [?] . The reconstruction is performed in a restricted region, obtaining performances very similar to the reconstruction used in the off line tagging, but it is much faster. This reconstruction (with the application of very low thresholds) identifies the Level-2 jets (L2 jets). An isolation algorithm is applied to these L2 jets. The isolation can be made with the electromagnetic calorimeter deposits and/or reconstructed tracks. Two different options are available:
• Level-2 calorimeter isolation, followed by a Level-2.5 pixel isolation, i.e. isolation with tracks reconstructed using only the pixel detector (faster but less efficient);
• Level-2.5 full tracker isolation, without any calorimeter isolation (slower but more efficient).
More details on the logic of the trigger system can be found in Ref. 
Ecal isolation
The hadronic τ decays produce a localized energy deposit in the electromagnetic calorimeter. The electromagnetic isolation parameter P isol defined as provides an adeguate variable to discriminate between real and fake τ . The sums run over transverse energy deposits in the electromagnetic calorimeter, and ∆R is the distance in η − ϕ space from the τ -jet axis. Jets with P isol < P cut isol are considered as τ candidates. A background rejection of about 30% can be achieve using P cut isol =5.6 GeV.
Track Isolation
In this section the isolation algorithm used in the Level-2.5 pixel trigger and Level-2.5 tracker trigger is described; more information can be found in [?], [?] . The main difference between the two options is the way in which the tracks are reconstructed. For the pixel trigger, only the 3 pixel layers are used, while the tracker trigger uses also the silicon strip layers. To speed up the reconstruction only the tracks inside the regions of interests (the jet cones) are reconstructed. Then the isolation procedure, shown in Fig. ? ?, is applied. To reduce the contamination from soft tracks, only tracks with p T > 1 GeV/c and associated to the signal vertex are considered, such tracks are referred to as "good tracks". The isolation-based tagging compares the number of good tracks within a "signal cone" (R=R S ) and within an "isolation cone" (R=R I > R S ). Signal cone is defined around the direction of the leading track i.e.the highest p T track found in the "matching cone" (R M =0.1), around the jet direction. The isolation cone is defined around the jet direction for the pixel case, while it is around the leading track direction for the tracker case. The trigger selection requires zero good tracks in the ring R S < R < R I . Higher background reduction can be obtained by requiring the transverse momentum of the leading track to exceed a few GeV/c. The usual value for the signal cone R S is 0.07, while the "isolation" cone R I is treated as a free parameter used to adjust the trigger rate: it is varied with a step of 0.05 from 0.2 to 0.45. The performances of the algorithm have been computed on the signal and QCD events, and are shown in Fig.? ? and Fig.? ? respectively for the calorimete-pixel isolation and tracker one. The plots on the left are made for the low luminosity period, the plots on the right for the high luminosity one. The different points correspond to the different sizes of the isolation cone R I : a background efficiency of ∼ 10 −3 can be easily achieved with a R I around 0.40. A special High Level trigger selection for only one τ jet has also been studied. In this case the rejection factor of 1000 can be achieved with the isolation criteria applied on the single Tau candidate in the event (with a cut of 20 GeV/c on the p T of the leading track) and a selection based on the transverse missing energy. This trigger has been designed and optimized for the search of a charged Higgs boson. Due to the strong cut in p T only the L2.5 Tracker trigger can be applied; the pixel reconstruction, with its limited level arm, cannot achieve a good enough momentum resolution to allow the use of the L2.5 Pixel trigger. 
Off Line Selection
While the trigger has been studied for both low and high luminosity conditions, the off-line selection have been optimized only for the low luminosity running period. The off-line selections are based on a stronger isolation cut, with a cut on the leading track p T up to 40 GeV/c, and a selection on the significance of the tracks impact parameter (a la b-tagging). The jets are globally reconstructed and the nearest to the flight direction of the L2 jets are selected as candidated Taus. For what regards the isolation, the signal cone is varied this time (from 0.02 up to 0.07). A further selection can be made requiring that only one or three good tracks are reconstructed inside the signal cone. Figure ? ? show the performance of the off-line isolation for the two Higgs boson mass values. The background rejection can achieve the limit of 10 −4 , with signal efficiency of few %. More details can be found in [?] . The other important criterion used is a cut on the sum of the significance of the impact parameter of the tracks inside the isolation cone of the jets:
where σ ip (τ 1 τ 2 ) are the unsigned impact parameter significances for the leading tracks in the two τ jets. Figure ? ? shows the distribution of σ 12 for the signal (m H = 500 GeV/c 2 ) and the QCD di-jet events with jet E T > 60 GeV and the leading track p T > 40 GeV/c. The minimum number of hits in the track reconstruction is set to five. Requiring more hits could improve the QCD multi-jet rejection by removing part of the accidental large impact parameters in the hadronic jets. The signal efficiencies for the cuts σ 12 > 5 are greater than 55% (with a dependance from the jet energy), while the QCD background can be rejected by almost a factor 10. Further improvement can include the use of a signed impact parameter instead of the unsigned one and the opposite charge of the jets. The jet charge is defined as the sum of the charge of the tracks inside the isolation cone, and for a couple of τ jets, the product of the charges must be equal to -1. Recent,preliminary, studies have shown that the reconstruction of π 0 inside the electromagnetic calorimeter can be useful to reconstruct, with the selected tracks, the τ mass and thus discriminate between QCD and real τ jets. The τ identification is intended as the combination of all the possible tagging criteria. Due to the very different event topology in which the τ identification can be used, there is not a unique recipe to merge all the algorithm together: the performances depends a lot on the number of jets in the event and on their energy. Detailed studies are needed to find the best combination for every considered phyisics channel.
Conclusions
The Tau identification used in the CMS experiment has been presented. The selection starts from the Level 1 trigger and go through the High Level trigger and the off-line selection. The trigger considers both the single and double τ jet case, optimized for the search of a charged and neutral MSSM Higgs boson. Isolation and impact parameter significance are the most important criteria used. Due to the several parameters that can be introduced inside the algorithms, a detailed optimization based on the event topology, is required to get the best performance.
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